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A terminal connection for a superconductive cable 

The invention relates to a terminal connection for a su- 
perconductive cable for electrical equipment at room tern- 
5 perature and comprising thermally insulated superconduc- 
tive tapes wound around a former through whose interior a 
coolant, such as liquid nitrogen, flows. 

US Patent No. 6,049,036 discloses a terminal for connect- 
10 ing a superconductive multi -phase cable to electrical 
equipment at room temperature. A drawback of this struc- 
ture is that it takes up relatively much space. 

The object of the invention is to provide a terminal con- 
15 nection of the type mentioned in the opening paragraph 
which takes up less space than known before. 

A terminal connection of the type mentioned in the open- 
ing paragraph is characterized according to the invention 
2 0 in that the superconductive tapes are in connection with 
one or more electrically conducting bodies, which are 
likewise cooled by means of the coolant, and are in con- 
nection by means of flexible electrical conductors with a 
connection terminal which may be connected to the elec- 

2 5 trical equipment at room temperature, and that the cool- 

ant is in connection with a cooling machine via a branch 
mounted axially relative to the superconductive cable, 
said cooling machine being electrically insulated from 
the remaining part of the terminal connection. This pro- 

3 0 vides a terminal connection which takes up less space 

than known before, and which simultaneously withstands 
very high electrical voltages. 
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Further, according to the invention, the electrically- 
conducting bodies may be provided with channels in which 
the coolant flows. This results in a more effective cool- 
ing per unit of length so that shorter lines may be used, 
5 thereby allowing a more compact structure. 

Moreover, according to the invention, the electrically 
conducting body or bodies may be of metal, e.g. Al, Ag, 
Au or Cu, preferably Cu, which are good electrical con- 
10 ductors and easy to work mechanically. 

Also, according to the invention, the terminal connection 
may be adapted to be rotated in an axial direction rela- 
tive to the superconductive tape, thereby allowing the 
15 unit to be mounted easily on a fixedly mounted cable end. 

In addition, according to the invention, the axially 
mounted branch may comprise a flexible pipe. This facili- 
tates the mounting. 

20 

In a particularly expedient embodiment, the connection of 
the coolant to the cooling machine may comprise a ther- 
mally and electrically insulated pipe and a compensator 
for compensating changes, if any, in the longitudinal di- 

2 5 rection. The pipe may e.g. be made of a composite mate- 

rial, preferably glass fibre. 

Further, according to the invention, each of the flexible 
electrical conductors may consist of a multiple of elec- 

3 0 trical conductors. This gives an increased flexibility at 

cooling . 

Furthermore, according to the invention, a heat exchanger 
may be inserted in connection with the connection termi- 
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nal . The heat exchanger may hereby cool at high power and 
heat at low power. This prevents icing up of the termi- 
nal/bolt. The heat exchanger may e.g. consist of cooling 
plates/fins. 

5 

In a particularly expedient embodiment, the thermal insu- 
lation of the superconductive tapes comprises a vacuum 
chamber with a vacuum valve, said vacuum valve being ar- 
ranged such that the connection between the vacuum cham- 
10 ber and the cooling machine, in which the coolant flows, 
serves as an electrical shield of the vacuum valve. 

In a particularly expedient embodiment, the connection 
between the vacuum chamber and the superconductive cable 
15 comprises a Johnston coupling. 

In a particularly expedient embodiment, the connection 
terminal is a top bolt adjustable in an axial direction. 

20 In a particularly expedient embodiment, the top bolt pro- 
vides an airtight sealing of the inner part of the termi- 
nal connection. 

The invention will be explained more fully below with 
25 reference to the drawing, in which 

fig. 1 shows a longitudinal section through a terminal 
connection according to the invention, and 

3 0 fig. 2 is a section through a copper block in the 
terminal connection having some through-going cooling 
channels through which a coolant flows. 
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Farthest to the left in fig. 1, a thermally insulated su- 
perconductive high- voltage cable is shown, which is con- 
nected to electrical equipment at room temperature via a 
terminal connection according to the invention. 

5 

The superconductive high-voltage cable, which comprises a 
plurality of superconductive tapes wound around a former, 
is kept cooled by means of a coolant, such as liquid ni- 
trogen, which flows through the former. The outer insula- 

10 tion is stripped at the end of the superconductive cable 
before it is inserted into the terminal connection, which 
is in the form of a branch, e.g. in the form of a T mem- 
ber, axially mounted relative to the superconductive 
cable. In the T member, the superconductive cable is sur- 

15 rounded by a vacuum chamber 12 which serves to provide a 
thermal insulation. A Johnston coupling 15 is inserted 
between the vacuum chamber 12 and the cable cryostat . The 
vacuum chamber 12 is evacuated via a vacuum valve 14 con- 
nected thereto, said vacuum valve being arranged at a 

20 point where there is a low electrical field gradient. 
During the actual cooling, the inner part of the vacuum 
chamber 12 must be capable of contracting relative to the 
outer part. This is made possible by means of a compensa- 
tor in the form of a flexible bellows member 27, which is 

25 arranged at the other end of the T member. At the other 
end of the T member, there is moreover mounted a connec- 
tion terminal in the form of an axially adjustable top 
bolt 28, which provides an airtight sealing of the inner 
part of the terminal connection and serves as a connec- 

30 tion terminal. The superconductive cable is terminated in 
that the former is introduced into a central bore of an 
electrically conducting body of metal, such Al, Ag, Au or 
Cu, preferably Cu, since Cu is relatively easy to work. 
Alternatively, several electrically conducting bodies may 
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be provided. The individual, electrically conducting body 
may e.g. be formed by a copper block 20, said supercon- 
ductive tapes being soldered by means of ordinary sol- 
dering pewter to the copper block 2 0 in an annular groove 
5 at the end of it. Fig. 2 shows the copper block 2 0 on a 
large scale. The central bore to the left serves to in- 
sert the former which, after the insertion, is tightened 
by means of some screws which are inserted via some rear- 
wardly positioned cuts . The liquid nitrogen is conveyed 

10 from the former into some small channels (a total of 7) 
in the copper block 2 0 to obtain a better cooling of it 
because of the generation of a turbulent flow in the 
channels, said channels being dimensioned such that they 
just give rise to a limited pressure drop during the flow 

15 therethrough. The liquid nitrogen is then conveyed to a 
bend 2 3 which is screwed into the other end of the copper 
block 20. Counter tightening is effected by means of a 
counter bolt. The copper block 20 constitutes the transi- 
tion from superconductors to normal conductors which al- 

2 0 most have room temperature. The liquid nitrogen is con- 

veyed from the bend 2 3 via a flexible hose 24 up through 
a pipe of composite material, such as glass fibre, to a 
cooling machine. The glass fibre pipe 1 serves as an 
electrically insulating transition pipe which conveys the 
25 liquid nitrogen from high-voltage potential to earth po- 
tential. At each end, the glass fibre pipe 1 is connected 
with a small steel pipe by gluing and has such a length 
that a voltage drop of about 3 6 kV does not give rise to 
electrical breakdown between the steel pipes. The liquid 

3 0 nitrogen is conveyed from the cooling machine, which is 

at a low voltage potential, via the pipe 1 to the flex- 
ible hose 24 in the vacuum chamber, which is at a high 
voltage potential . 
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The glass fibre pipe 1 is mounted in an outer glass fibre 
pipe 5 which has a suitable diameter, e.g. 9 0 mm. The 
space between the pipes 1 and 5 is filled with an elec- 
trically insulating foam of the Expancel type. This foam 
5 is to ensure a low thermal influx to the inner pipe 1, 
while preventing electrical breakdown between the high 
voltage and low voltage parts. Further, between the high 
voltage and low voltage parts there are mounted some ex- 
ternal corona • rings 6 for the control of the electrical 
10 field as well as some silicone rubber discs 7 for the 
prevention of breakdown in the event that condensed water 
vapour is present on the surface of the outer pipe 5 . 

Thermal contraction at cooling of the pipe structure is 
15 compensated for by means of the bellows- shaped compensa- 
tor which is positioned in the vicinity of the cooling 
machine . 

The current conductor to hot area is soldered by means of 

2 0 ordinary soldering pewter to the other end of the copper 

block 2 0 in an annular groove. This current conductor is 
configured in such a manner that the sum of the heat dis- 
sipated in the conductor because of ohmic losses, and the 
heat admitted from hot area is as low as possible. The 
25 current conductor is flexible to enable it to contract at 
cooling. This flexibility is achieved by dividing the 
current conductor into a large number of loosely arranged 
and optionally twisted thin conductors. 

3 0 These thin conductors are in connection with the top bolt 

28, which constitutes the connection to the mains in gen- 
eral or electrical equipment at room temperature, e.g. a 
transformer. The thin conductors are soldered to the top 
bolt 28 in an annular groove at the end of it. The top 
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bolt 28 is a solid copper rod with threads at one end for 
screwing into the top of the chamber. The top bolt 28 is 
clamped to the vacuum chamber by means of a relatively- 
large brass bolt 3 0 on which cooling fins 31 are mounted. 
5 These cooling fins 31 are to prevent icing when the cur- 
rent in the cable is low, and to counteract possible 
heating in case of a brief overcurrent . Some corona rings 
3 2 are provided on their respective sides of the cooling 
fins 31, said corona rings serving to prevent discharges 
10 from the sharp edges of the cooling fins 31. 

A heat exchanger may optionally be arranged in connection 
with the top bolt (the connection terminal) . 

15 Helium at a slight positive pressure relative to the at- 
mosphere may be fed to the space around the current con- 
ductor optionally via a special opening . Condensation be- 
cause of possible leaks is avoided hereby. 

2 0 Some preferred embodiments have been disclosed above, but 
it should be stressed that the invention is not re- 
stricted to these, but may be embodied in other ways 
within the scope of the following claims. 
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Patent Claims: 



1. A terminal connection for a superconductive cable for 
5 electrical equipment at room temperature, comprising 
thermally insulated superconductive tapes wound around a 
former through whose interior a coolant, such as liquid 
nitrogen, flows, characterized in that the 
superconductive tapes are in connection with one or more 

10 electrically conducting bodies (2 0) , which are likewise 
cooled by means of the coolant, and are in connection by 
means of flexible electrical conductors with a connection 
terminal (28) which may be connected to the electrical 
equipment at room temperature, and that the coolant is in 

15 connection with a cooling machine by a branch mounted 
axially relative to the superconductive cable, said cool- 
ing machine being electrically insulated from the remain- 
ing part of the terminal connection. 

20 2. A terminal connection according to claim 1, 

characterized in that the electrically con- 
ducting bodies (2 0) are provided with channels in which 
the coolant flows. 

25 3. A terminal connection according to claim 1 or 2 , 

characterized in that said one or more elec- 
trically conducting bodies are of metal, e.g. Al , Ag, Au 
or Cu, preferably Cu. 

3 0 4. A terminal connection according to one or more of 

claims 1-3, characterized in that it is 

adapted to be rotated in an axial direction relative to 
the superconductive cable. 
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5 . A terminal connection according to one or more of 
claims 1-4, characterized in that the axi- 
ally mounted branch comprises a flexible pipe (1) . 

5 6 . A terminal connection according to one or more of 
claims 1-5, characterized in that the con- 
nection of the coolant to the cooling machine comprises a 
thermally and electrically insulating pipe (1) and a com- 
pensator for compensating for changes, if any, in the 
10 longitudinal direction. 

7 . A terminal connection according to one or more of 
claims 1-6, characterized in that each of 
the flexible electrical conductors consists of a multiple 

15 of electrical conductors. 

8. A terminal connection according to one or more of 
claims 1-7, characterized in that a heat ex- 
changer is inserted in connection with the connection 

2 0 terminal . 

9. A terminal connection according to one or more of 
claims 1-8, characterized in that the ther- 
mal insulation of the superconductive tapes comprises a 

25 vacuum chamber (12) with a vacuum valve (14) , and that 
the vacuum valve (14) is positioned such that the connec- 
tion between the vacuum chamber (12) and the cooling ma- 
chine, in which the coolant flows, serves as an electri- 
cal shield of the vacuum valve (14) . 

30 

10. A terminal connection according to one or more of 
claims 1-9, characterized in that the vacuum 
chamber is in the form of a T member so that the branch 
in which the coolant is in connection with the cooling 
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machine extends substantially perpendicularly to the 
winding axis of the superconductive tapes. 

11. A terminal connection according to one or more of 
5 claims 1-10, characterized in that the con- 
nection between the vacuum chamber (12) and the supercon- 
ductive cable comprises a Johnston coupling (15) . 

12. A terminal connection according to one or more of 
10 claims 1-11, characterized in that the con- 
nection terminal is a top bolt (28) adjustable in an ax- 
ial direction. 

13. A terminal connection according to claim .12, 

15 characterized in that the top bolt (28) pro- 
vides an airtight sealing of the inner part of the termi- 
nal connection. 
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DE 


2409868 A,B 


11/09/75 








FR 


2262855 A,B 


26/09/75 








GB 


1499434 A 


01/02/78 








IT 


1033299 B 


10/07/79 








JP 


50121792 A 


23/09/75 


US 


3902000 A 


26/08/75 


NONE 
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